Introduction
Let O c U n be an open set and let T p -(T p (t)) >0 be consistent semigroups on L P (Q) for 1 ^p < oo, with generators A p . Assume that T p is an analytic semigroup of angle <p for some /> o e(l, oo). It is then natural to ask under which conditions the semigroups T p are analytic too. For the time being, suppose that T p and T p are contraction semigroups for given p 1 ,p 2 £[l, oo) and assume that T p is an analytic semigroup of contractions for some^0G(^1 5 /J 2 ). Then, by standard arguments, T p is analytic for all p&{py,p 2 )-Observe however that T p is not analytic, in general.
In this paper we give a condition on the semigroup T p which forces the 'endpoint' semigroup T v to be analytic. More specifically, we prove that T p is analytic provided that T p satisfies an upper Gaussian estimate of order m. The case p l = \'\s of course of special interest and several results on L 1 holomorphy of semigroups have been obtained recently (cf. [3, 15] ). Our result generalizes in particular the above mentioned theorem of Ouhabaz which says that T x is an analytic semigroup on L*(Q) of angle 7r/2 whenever A 2 is self-adjoint and T 2 admits a Gaussian estimate of order 2.
Our result applies in particular to semigroups generated by second order elliptic differential operators A subject to rather general boundary conditions. In fact, by a famous result of Agmon, Douglis and Nirenberg [1] , we know that the V realization of such a boundary value problem generates an analytic semigroup on L P (Q) for 1 <p < oo, provided the top-order coefficients of A belong to BUC(Q). Observe, however, that their method does not extend to the space L l (Q) . Assuming slightly more regularity on the coefficients of A, namely Holder continuity, our result implies that the solutions of this kind of problem are governed by analytic semigroups also on the space /^(Q). We mention that our approach is based on the consequent use of the theory of integral operators.
The validity of Gaussian estimates for consistent semigroups T p is also of great importance for the problem concerning the /^-independence of the spectrum a(A p ) of A p . Indeed, as proved by Arendt [5] , a{A p ) is independent of pe[\, oo) whenever A 2 is self-adjoint and T 2 satisfies an upper Gaussian estimate of order 2. Applying his method to our situation we see that a certain component of the resolvent set of A p is independent of p. The general case dealing with the ^-independence of a{A v ) for arbitrary generators of semigroups admitting Gaussian bounds remains, however, an open question.
Gaussian estimates for semigroups are, generally speaking, rather difficult to obtain. We therefore give in our second main result a characterization of analytic semigroups admitting a Gaussian estimate in terms of pointwise upper bounds on the kernel of a certain power of the resolvent. Those estimates might be verified more easily in concrete examples. In our first result we show that, roughly speaking, (X -A p )~l for /e N is a regular integral operator for all X belonging to a certain sector of the complex plane, provided that T is analytic. More precisely, the following holds. Considering powers of the resolvent rather than the resolvent itself in Theorem 2.2 we are able to characterize analytic semigroups admitting a Gaussian bound in terms of a pointwise upper bound on the kernel of a certain power of the resolvent. THEOREM 
Main results and examples

Let
Let T be a bounded analytic C 0 -semigroup on L P°( Q) of angle cp with generator A. Then the following assertions are equivalent: (a) T satisfies an upper Gaussian estimate of order m; (b) there exist an even integer I > n/m +1 and constants M, c > 0 such that (A -A)~l is a regular integral operator whose kernel K
for all x,ye£l and all X e S°0, where 0 e {n/2, (p + n/2).
In the following we give three types of examples to which our theorems apply.
EXAMPLES 2.6. (A) Schrddinger operators
, where V: U n -• U is measurable and such that V + e L^CR") and V_ belongs to Kato's class (cf. [17] Rea(a m (x, £) where a ff denotes the symbol of the principal part of A. Let (pe((p A ,n/2). Then it is known (cf. [2] ) that -$4 V generates an analytic semigroup T p on L P (Q) for 1 <p< oo of angle n/2 -(p. Furthermore, it is shown in [11] and [18] that the semigroup T p generated by -s# p satisfies an upper Gaussian estimate of order 2. Denote by 7j the consistent semigroup on L X {£1). It then follows from Theorem 2.3 that T x is an analytic semigroup on L l {Q) of angle n/2 -<p.
Estimates for semigroup kernels
Throughout this section we assume that T is a C 0 -semigroup on L P°( Q) for some /? 0 e[l,oo) which admits an upper Gaussian estimate of order m and a = 0. Considering e~a t T(t) instead of T(t), the latter may be assumed without loss of generality.
We first prove two auxiliary results. The first one is a modification of an argument due to Arendt [ 
Proof. Since the resolvents of B and e ia B commute, it follows that U(s) S(t) = S(t) U(s) for all s, t > 0. Let a, b > 0. Then the family (V(t)) t ^ 0 of operators on E given by V(t) := U(bt) S(at) defines a C 0 -semigroup on E. Denote the generator of V by C. If xeD(B), then j V(t)x = be ia BU(bt)S(at)x+ U(bt)aBS(at)x = (be ia + a)BV(t)x.
Hence In the following proposition we collect some well-known facts on integral operators which will be used later on (see [16, Chapter IV; 6; 12] for proofs and references). For 1 ^p < oo, \/p + \/p' = 1, we put In the sequel we show how to obtain upper bounds on the semigroup kernel K(z, x, y) for complex times z. We hereby extend the approach of Davies [8, Section 3.4] to our situation. Combining Lemmas 3.4 and 3.5 we immediately obtain an upper bound on the semigroup kernel for complex times z. for all XeS*. Hence one may apply Fubini's theorem as in Part (a) in order to conclude that (X + A p )~l is an integral operator and that its kernel satisfies the required estimates.
Proof of Theorem 2. 
